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Abstract 
Extracts obtained by supercritical carbon dioxide extraction (SCE) and pressurized 
liquid extraction (PLE) from the Ajuga iva aerial parts growth in three different 
geographical sites of Alegria were analysed. Tocopherols in SCE Extracts were 
quantified by HPLC, α-tocopherol dominated the profile in both A. iva of Bejaia 
(BEJ) and Bordj Bou Arreridj (BBA), while β-tocopherol was the lowest. PLE 
method produced higher extraction yields than SCE method, which ranged from 0.31 
to 24.95% (w/w), the water gave the best yields extraction. Total phenolic content 
(TPC) ranged from 15.60 to 63.45mg GAE/g DWE; also the water gave higher total 
yield of phenolics, and the best TPC from DWP. The antioxidant activity was 
assessed by different assays, water and SCE extracts showed a slightly higher 
antioxidative effect than that obtained by Ethanol and Acetone. A slight opposite 
trend was obtained with the FRAP antioxidant activity; Acetone was the best extract 
after SCE extracts. Small differences in antioxidant activity values were found 
between the different sites of A. iva: BEJ, BBA, and ELO.   
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Introduction 
The genus Ajuga (Lamiaceae) comprises 40-
50 species, which grow in different parts of the 
world (Tsurng-Juhn et al., 2009), mainly in the 
temperate and warm temperate zones (Yusuke et 
al., 2013). Ajuga plants are evergreen, clump-
forming rhizomatous perennial or annual 
herbaceous flowering species, 5-50 cm tall, with 
opposite leaves. The flowers are two lipped and 
tubular, and mostly blue, purple or yellow in 
color. Many Ajuga plants are used in horticulture 
as groundcover or border, and in rock gardens, 
but some are regarded as weeds. Some Ajuga 
species have a large number of varieties (Zafar 
and Badiâa, 2009). A. iva is a common species in 
North Africa (Ayari et al., 2013), which is widely 
distributed in the Mediterranean region, 
particularly in Algeria, Morocco, Tunisia, and 
Egypt, southern Europe and northern Africa 
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(Halimi, 2004). In Algeria A. iva, Schreiber it is 
known as ‘‘Chendgoura’’ (Taleb-Senouci et al., 
2009). A. iva Grows in deep soil, its vegetation 
period is from spring to late summer, it flowers 
between May and June (Halimi, 2004).  
Several Ajuga species have been used in 
African and Asian folk medicine (El Hilaly et al., 
2004). In Algeria it has been used in 
phytomedicine for a variety of diseases and 
disorders (Taleb-Senouci et al., 2009), such as 
diabetes (Tahraoui et al., 2007), stomach and 
intestinal pains, enteritis, fever, sinusitis, 
headache (Ghedira et al., 1991); rheumatism, 
gout, asthma, malaria, ulcers and diarrhea. 
Antibacterial, antitumor, antifeedant, vulnerary 
properties were reported for the preparations 
from Ajuga species (Chenni et al., 2007; Chabane 
et al., 2013).   
Pharmacological studies have shown that A. 
iva possesses anti-ulcerous (Habib et al., 1990) 
and anti-inflammatory activities (El Hilaly and 
Lyoussi, 2002); its extract decreased plasma 
cholesterol and triglycerides (El Hilaly et al., 
2006). The powdered dried plant or its infusion 
are taken after meals against diabetes and 
hypertension; the infusion of flowering branches 
is considered as antidiarrheic, depurative, and 
very effective substances for feminine sterility 
(Ghedira et al., 1991).  
Other reported biological effects of A. iva 
include hypoglycemic (El Hilaly and Lyoussi, 
2002), vasorelaxant (El Hilaly et al., 2004), 
hypolipidemic (El Hilaly et al., 2006), 
hypotensive, antioxidant (Chenni et al., 2007), 
anti-inflammatory, antifungal, antimicrobial, 
antipyretic, antihelmintic, and vulnerary activity 
(El Hilaly and Lyoussi, 2002; El Hilaly et al., 
2004, 2006). Chemical studies on A. iva have 
revealed the presence of several flavonoids, 
tannins, terpenes, steroids (Houghton and 
Raman, 1998), and essential oil constituents A. 
iva (Ayari et al., 2013). Until now, mostly 
conventional extraction procedures have been 
used to botanicals, which are usually time and 
solvent consuming.  
PLE and SCE are the more recent and 
promising alternatives for the isolation of 
valuable substances from medicinal and other 
plant materials (Herrero et al., 2006). PLE uses 
organic solvents or water at high pressures 
enabling to in increase extraction temperatures 
above their boiling point at atmospheric 
pressure. Meanwhile SCE with environmentally 
safe CO2 as a solvent has recently become 
another attractive way to obtain solvent-free 
extracts with minimized alternations of labile 
ingredients present in the plants (Cavero et al., 
2006). SCE in adition CO2, which is the most 
commonly used solvent in SCE, has low critical 
constants and low viscosity enabling it to 
penetrate the materials being extracted. 
However, CO2 as a nonpolar solvent is not able 
to extract polar analytes from the solid matrices 
(Reverchon & de Marco, 2006). 
The present investigation is the first to 
evaluate the influence of method of extraction 
(PLE and SCE) and type of solvent (acetone, 
ethanol, and water), on the levels of yield of 
extraction, phenolic content (TPC), and the 
Antioxidant activity.   
Materials and methods 
Solvents and chemicals 
Solvents and chemicals used in the 
experiments were of analytical grade and 
obtained from standard chemical suppliers.  
Samples preparation and extraction  
Mature aerial parts of A. iva were collected 
between April and May 2013, from the sites of 
Bejaia (BEJ), Bordj Bou Arreridj (BBA), El Oued 
(ELO) (Table 1), with difrferent climatic 
conditions. The plants were authenticated as A. 
iva by Dr M. DJ. Miara, Msila University 
(Algeria), the samples were washed by the 
running water, and then dried at room 
temperature in the dark. They were ground in an 
ultra-centrifugal mill ZM 200 (Retsch, Haan, 
Germany) using 0.2 mm hole size sieve before 
extractions. The extraction was done as 
explained in Šulniūtė et al. (2016).  
 
Table 1. Location, main ecological traits of the analysed populations of Ajuga iva (L.). 
Plant région Latitude Longitude Altitude (m) Q2a Bioclimatic 
Bejaia  36°.71’N 05°06E 2 87 humid 
Bordj Bou Arreridj  36°.06’N 04°76E 930 23 semi-arid 
El Oued 33°.36’S 06°85E 80 7,56 arid 
aBioclimatic zones were defined according to Emberger’s (1966) pluviometric coefficient. 
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Determination of tocopherols in SCE 
extracts by HPLC  
An HPLC was used for the quantitative 
determination of tocopherols in the lipophilic 
extarcts isolated by SCE as described by Gruszka 
and Kruk (2007).  
In vitro antioxidant activity assessment 
To obtain more comprehensive data on 
antioxidant potential of A. iva, four different 
assays were used to evaluate the in vitro 
antioxidant activity of extracts. 
Total phenolic content (TPC) was measured 
by Folin–Ciocalteu’s assay (Singleton et al., 
1999). DPPH• assay was assessed according to 
the procedure described by Srinivasan et al. 
(2007). Total antioxidant activity of compounds 
was investigated using FRAP assay (Müller et al., 
2011). Hydrophilic-oxygen radical absorbance 
capacity (H-ORAC) assay was done by method 
of Prior et al. (2003). Lipophilic oxygen radical 
absorbance capacity (L-ORAC) assay for SCE 
Extracts was conducted by the method of Prior 
et al. (2003).  
Expression of data and statistical analysis  
All extractions and analyses were carried out 
in triplicate, and Data were presented as means ± 
SD. A computer program Graph pad prism 6 
was used for statistical analysis. The one-way 
ANOVA and Tukey's multiple comparisons test 
were performed to examine the differences 
among the groups. A P value of <0.05 was 
considered to be statistically significant.  
Results and discussion 
Tocopherol Contents of SCE Extracts  
In humans, the Tocopherols act mainly as 
Vitamin E precursors and they have some role in 
the prevention of some chronic diseases and 
certain cancers, and found mainly in leaves and 
seeds (Hachicha et al., 2009). Tocopherol 
contents of the SCE extracts as (α, β, γ, δ) (μg 
tocopherol/g DWE) from tow Algerian AI (BEJ 
and BBA) are given in Table 2, α-tocopherol 
dominated the profile in both AI, at 3290 ± 0.27 
and 1580 ± 0.03 μg/g DWE respectively, while 
β-tocopherol is the lowest and was only 150 
μg/g DWE detected in AI extracts.  
Regarding the site of harvest, the highest 
content was found in AI from BEJ, for all type 
of tocopherol. SCE Extracts are a potential 
source of tocopherol, with a total tocopherol 
contents ranged from 150 to 3290 μg/g DWE. 
This value is similar to those of green leaves of 
many plant species, where α-tocopherol was the 
most abundant form of tocopherols (Lars et al., 
2010). 
 
 
Table 2. SCE-CO2 Extracts Tocopherol Contents (μg/g) of Ajuga iva L. 
BEJ:Bejaia,  BBA:Bordj Bou Arreridj 
 
 
Table 3. Extract yields (%) and TPC of different Extracts of Ajuga iva obtained by SFE and PLE methods.  
Samples Yield % w/w (g/100  g  DWP) TPC mg GAE/g 
BEJ BBA ELO 
BEJ BBA ELO 
DWE DWP DWE DWP DWE DWP 
SCE-CO2 Extracts 0,38±0,01d 0,48±0,00h 0,31±0,00l -nd -nd -nd -nd -nd -nd 
PLE 
Extracts  
Acetone 1,32±0,00a 1,52±0,04e 2,25±0,08i 54,37±0,77ab 0.83±0.01abc 55,27±0,20ba 0.84±0.00bac 43,83±1,32cf 0.99±0.03cabf 
Ethanol 2,71±0,03b 3,77±0,04f 2,56±0,05j 63,45±0,80d 1.72±0.02de 47,51±0.79ef 1,79±0.03ed 45,69±0,92fec 1.17±0.02fc 
Water  21,70±0,35c 24,95±0,67g 24,10±0,05k 25,18±0.88g 5.40±0.19gi 15,60±0.36h 3,82±0.09h 21,51±1.04i 5,18±0.25ig 
Values represented as mean ± standard deviation (n=3); different lowercase superscript letters within the columns indicate 
significant differences between SCE-CO2; Acetone; Methanol and Water extracts and between region of recolte, at<0.05. 
BEJ:Bejaia,  BBA:Bordj Bou Arreridj, ELO : El oued. 
μg tocopherol /g DWE Ajuga iva  
type BEJ BBA 
δ-tocopherol 180±0.02 150±0.02 
γ-tocopherol 700±0.11 220±0.02 
β-tocopherol 150±0.02 150±0.08 
α-tocopherol 3290±0.27 1580±0.03 
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Extraction yields  
A comparative study of extraction yield was 
carried out in order to test optimum condition of 
extraction, by usig SCE and PLE extraction 
methods using consecutive application of 
solvents with increasing polarity such as 
Acetone, Ethanol, and Water. The results of 
extract yield (expressed as weight of extract 
relative to the weight of the starting plant 
material) are given in Table 3. It can be seen that 
the yield of extraction using PLE method 
increased with increasing polarity of solvents, 
ranged from 0.31 ± 0.00 to 24.95 ± 0.67%. In 
which water extracts gave the highest yield from 
all sites, while ethanol and acetone gave lower 
yields, the yields of SCE extraction were 
remarkably lower compared to PLE extracts. 
The extraction yield of AI is significantly 
influenced by the methods and solvents of 
extraction (P < 0.05), But no significant change 
in extraction yield from plant sites was recorded. 
These results showed that the solvent polarity is 
of great importance (Clara et al., 2010). In fact, 
since Water and Ethanol are a polar solvent, the 
polar components from AI be extracted. Thus, 
the variation in the yields of various extracts can 
be attributed to the polarities of the different 
compounds. Such differences have been 
reported in the literature (Khlifi et al., 2011). 
These findings were in agreement with (El Hilaly 
et al., 2004) in AI water extract (25% (w/w)), 
The close finding is reported for other lamiaceae 
such as T. vulgaris, Salvia officinalis and Origanum 
majorana (Roby et al., 2013), Thymus numidicus 
(Ben El Hadj Ali et al., 2014). 
Antioxidant activity  
Five methods have been used to measure the 
antioxidant activities of the AI extracts: TPC, 
DPPH•, FRAP, H-ORAC, and L-ORAC assays. 
Total phenolic contents (TPC) 
TPC reflects the total reducing capacity of 
the sample, The TPC of extracts obtained by 
PLE extraction by three different solvents with 
varying polarities (Acetone, Ethanol, and Water) 
is reported in Table 3. Significant differences (p< 
0.0001) in TPC values were observed among 
different solvents. The TPC were in the range of 
15,60 ± 0.36 to 63,45 ± 0,80 mg GAE /g DWE 
and from 0.83 ± 0.01to 5.40 ± 0.19 mg GAE /g 
DWP.  
The highest values were determined for 
Ethanol and Acetone extracts, followed by Water 
extracts, it may be suggested that Acetone 
enables to obtain from AI the extract with the 
highest TPC value. The TPC which is extracted 
by different solvents from 1g of DWP is also 
presented and in this case Water provides the 
highest TPC followed by Ehanol, whereas 
Acetone extracts contained the lowest TPC in 1g 
of DWP, Polar phenolic compounds are better 
extracted with higher polarity organic solvents. 
The close finding is reported for Ajuga iva 
Makni et al. (2013), and for other lamiaceae such 
as T. vulgaris, Salvia officinalis and Origanum 
majorana (Roby et al., 2013), R. officinalis and 
Origanum vulgare (Hernandez-Hernandez et al., 
2009). This might be due to the differences 
between AI samples and TPC evaluation 
methods used in these studies. The total phenolic 
contents varied not significantly among the 
studied sites in the different extracts of AI (Table 
3). 
DPPH• assay results 
In the present study, the different extracts of 
AI showed a DPPH•-scavenging activity which 
varied among the different extracts. As shown in 
Table 4, scavenging activity of the extracts is 
concentration dependent and lower IC50 value 
reflects better protective action. 
The IC50 values of the antioxidant capacity 
varied from 0.39 to 1.37 mg/mL. The Water and 
SCE extracts possessed the strongest DPPH•-
scavenging activity, showing a lowest IC50 ranged 
from 0.39 to 0.68 mg/ml. followed by Acetone 
extracts and Water extracts in both BEJ, BBA, 
and ELO, while that of the synthetic antioxidant 
Trolox was IC50=0.01 mg /ml, as a standard 
reference product. 
Our results confirmed previous studies showing 
a same antioxidant activity of Ajuga iva 
methanolic extracts 1.168 ± 0.003 mg/mL 
(Khaled-Khodja et al., 2014). The data were 
expressed also as TEACDPPH• mg TE/g in DWE 
and DWP (Table 4). it was varied significantly (P 
< 0.05) from 8.12 to 17.75 mg TE/g DWE. And 
from 0.03 to 4.27 TE/g DWP. 
It can be seen that water and SCE extracts 
shows the highest TEACDPPH• followed by 
Hamdi Bendif et al.  
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Ethanol extracts. However, due to differences in 
extract yields (Table 3), TEACDPPH• as mg TE/g 
in DWP were in another range: the least effective 
extract was SCE (0.03 to 0.06 mg TE/g DWP) 
and the most effective one was water extracts, in 
contrast, both PLE Ethanol and Acetone 
extracts showed weak antioxidant capacity.   
It can be seen that Water extracts showed the 
highest antioxidant activity among the PLE 
extracts, On the other hand, the antioxidant 
activity of SCE Extracts is more effective. This 
can be attributed to the higher phenolic content 
of the Water extracts than that of ethanaloic and 
acetonic extracts. Previous published papers on 
Ajuga iva demonstrated that methanol extracts 
showed the highest antioxidant activities than 
Water extracts (Makni et al., 2013). In 
conclusion, this study indicates that AI Water 
extracts improves the best antioxidant status 
FRAP assay results 
The antioxidant capacities of SCE, and PLE 
extracts (Acetone, Ethanol, and Water) 
expressed as TEAC FRAP mg TE/g in DWP and 
DWE are given in Table 5. The TEACFRAP values 
were in a range: (19.91 ± 0.03 to 64.50 ± 1.43 
mg TE/g DWE), and (0.07 ± 0.00 to 5.80 ± 0.15 
mg TE/g DWP) for all extracts, SCE Extracts 
had the highest antioxidant capacity as TEACFRAP 
in mg TE/g DWE, followed by Acetone, Water 
and Ethanol (PLE extracts). But The values 
expressed as mg TE/g DWP, showed Water 
extracts have a higher TEACFRAP than others 
(Table 5), and the lowest was SCE Extracts, This 
due to differences in extract yields (Table 3). 
Regarding site effect, no significant differences in 
TEACFRAP values were found between BEJ, 
BBA, and ELO extracts. 
H-ORAC assay results 
The antioxidant capacity (expressed as 
ORAC value) is shown in Table 6. The strongest 
TEACH-ORAC expressed as µM TE/g DWE for 
both extracts sites was noticed for ethanol and 
acetone extracts followed by Water extracts, 
whereas SCE Extracts gave the least TEAC H-
ORAC value in both AI extracts. 
But the TEAC H-ORAC expressed as µM TE/g 
DWP indicated that Water extracts have the 
higher values and SCE Extracts gave the lowest 
values (Table 6). TEAC H-ORAC values as 
measured by ORAC assay were significantly 
different P< 0,0001, with ethanol extracts more 
active than others. However, taking into account 
the yields of extraction, Water extracts were 
more active. The literature contains very few 
studies about the antioxidant activity 
measurement by the ORAC method.  
 
Table 4. The antioxidant characteristics of different Ajuga iva L. Extracts. DPPH and IC50 values. 
 
TEACDPPH, mg TE/g 
DPPH assay (IC50, 
mg/ml) 
BEJ BBA ELO 
BEJ BBA ELO 
DWE DWP DWE DWP DWE DWP 
SCE-CO2 Extracts 16.37±0.11afkl 0.06±0.00abcd 9.25±0.00bcdghi 0.04±0.00bac 8.91±1.32cbdghi 0.03±0.00cab 0,5 0,48 0,39 
PLE 
Extracts  
Acetone 9.49±0.34dbcghi 0.14±0.01daei 12.28±0.23e 0.19±0.00edgi 15.47±0.00fak 0.35±0.00fh 1,19 0,94 0,73 
Ethanol 8.99±0.54gbcdhi 0.24±0.01gehi 8.12±0.04hbcdgi 0.31±0.00hfg 8.38±0.25ibcdgh 0.21±0.01ideg 1,21 1,32 1,37 
Water 18.39±0.1jkl 3.94±0.02j 17.17±0.2kafjl 4.20±0.05kl 17.75±0.2lajk 4.27±0.05lk 0,56 0,68 0,63 
Trolox 0,01 
Values represented as mean ± standard deviation (n=3); different lowercase superscript letters within the columns indicate 
significant differences between SCE-CO2; Acetone; Methanol and Water extracts and between region of recolte, at<0.05. 
BEJ:Bejaia,  BBA:Bordj Bou Arreridj, ELO : El oued. 
 
Table 5. The antioxidant characteristics of different Ajuga iva L. Extracts FRAP 
Samples TEAC FRAP, mg TE/g 
BEJ BBA ELO 
DWE DWP DWE DWP DWE DWP 
SCE-CO2 Extracts 58,26±1.02afghijkl 0.07±0.00ac 64,50±1.43bc 0.31±0.02bc 58,81±1.04cb 0.19±0.02cab 
PLE 
Extracts  
Acetone 33.44±1.01defghijklf 0.51±0.02degi 37.94±0.03edfij 0,57±0.00edfgi 32.49±0.05fadeghijkl 0,73±0.00feghi 
Ethanol 22,51±0.18gadfhijkl 0,61±0.00gdefi 20.93±0.04hadfgijkl 0,79±0.00hfi 24.28±0.13iadefghjkl 0,62±0.00idefgh 
Water 27,06±0.69jadefghikl 5,80±0.15j 20,30±0.01kadfghijl 4.97±0.00kl 19,91±0.03ladfghijk 4,79±0.01lk 
Values represented as mean ± standard deviation (n=3); different lowercase superscript letters within the columns indicate 
significant differences between SCE-CO2; Acetone; Methanol and Water extracts and between region of recolte, at<0.05. 
BEJ:Bejaia,  BBA:Bordj Bou Arreridj, ELO : El oued. 
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Table 6. The antioxidant characteristics of different Ajuga iva L. Extracts. H ORAC and L ORAC  
Samples TEAC H-ORAC, µM  TE/g 
BEJ BBA ELO 
DWE DWP DWE DWP DWE DWP 
SCE-CO2 Extracts 183.62±7.99acd 0,72±0.05j 159.12±5.56b 0,80±0.01k 128.93±1.37cad 0,42±0.01l 
PLE 
Extracts  
Acetone 243.17±1.61dac 3.70±0.02ab 244.62±2.26efh 3.71±0.00ba 259.93±3.96fegh 5.85±0.09c 
Ethanol 243.64±5.36gf 6.60±0.15d 213.72±3.76hef 8.05±0.14e 274.33±7.51i 7.03±0.19f 
Water 231.90±11.64j 49.74±2.50g 231.98±11.64k 56.78±2.85h 231.71±11.65l 55.76±2.80i 
SCE-CO2 Extracts TEAC L 
ORAC, µM  TE/g 
101,293±2.4a 0.69±0.03A 97,630±2.37b 0.76±0.03B 93,566±3.17c 0.41±0.00C 
Values represented as mean ± standard deviation (n=3); different lowercase superscript letters within the columns indicate 
significant differences between SCE-CO2; Acetone; Methanol and Water extracts and between region of recolte, at<0.05. 
BEJ:Bejaia,  BBA:Bordj Bou Arreridj, ELO : El oued. 
 
L-ORAC assay results 
For this work, the L-ORAC assay was to 
measure radical chain breaking capacity of 
lipophilic fraction obtained by SCE. As 
presented in Table 6, TEAC L-ORAC values were in 
the range of 93.56 and 101.29 µM TE/g DWE 
for both extracts.  
Such high TEAC values could be explained 
by the presence of lipophilic antioxidants, like 
tocopherol (Table 2), when recalculated per g of 
DWP, the activity of AI lipophilic fraction 
amounted 0.41to 0.76 µM TE/g, both H ORAC 
and L-ORAC assays indicate higher share of AI 
lipophilic fraction to the radical scavenging 
capacity. Our SCE Extracts exhibited highest 
TEAC L-ORAC value when compared with Teucrium 
species seed oil of which ranged between 14.58 
and 296mg/kg (Hachicha et al., 2009). 
Correlation between TPC, TEAC DPPH•, 
TEAC FRAP, and TEAC H ORAC 
Correlation coefficients for different 
antioxidant assays are presented in Table 7 and 8. 
It may be observed that there are strong 
correlations between different antioxidant 
activity assays when the values are expressed for 
plant material DWP Table 8. However, when 
antioxidant activity values are expressed for g of 
extract DWE, the correlations are more 
complicated.  
The most assays revealed that Water extracts 
have a higher antioxidant activity than Ethanol, 
Acetone, and SCE. a significant positive correlation 
between all antioxidant activities values expressed 
as mg in g DWP were observed indicating that 
extracts with highest polyphenol contents show 
higher TEAC DPPH•, TEAC FRAP, and TEAC 
H ORAC for PLE Extracts. But antioxidant 
activity values expressed as mg in g DWE. In the 
present study, a negative significant correlations 
estimated by the spearman’s coefficient, were 
observed only between TEAC DPPH• and TPC, 
TEAC FRAP, and between TEAC H-ORAC and 
TEAC FRAP (Table 7).  
 
Table 7. Spearman correlation coefficient between TPC, TEAC DPPH, TEAC FRAP, and TEAC H-ORAC for PLE extracts in 
DWE. 
 
mgGAE/g 
DWE 
TEAC DPPH mg 
TE/g DWE 
TEAC FRAP mg 
troE/g DWE 
TEAC ORAC mg  
TE/g DWE 
mgGAE/g DWE 1,00 
   
TEAC DPPH mg TE/g DWE -0,83 1,00 
  
TEAC FRAP mg troE/g DWE 0,46 -0,42 1,00 
 
TEAC ORAC mg  TE/g DWE 0,30 0,17 -0,65 1,00 
 
Table 8. Spearman correlation coefficient between TPC, TEAC DPPH, TEAC FRAP, and TEAC H-ORAC for PLE extracts in 
DWP. 
 
mgGAE/g 
DWP 
TEAC DPPH, mg 
TE/g DWP 
TEAC FRAP  mg 
TE/g DWP 
TEAC ORAC mg 
TE/g DWP 
mgGAE/g DWP 1,00 
   
TEAC DPPH, mg TE/g DWP 0,95 1,00 
  
TEAC FRAP  mg TE/g DWP 0,97 0,99 1,00 
 
TEAC ORAC mg TE/g DWP 0,95 1,00 0,98 1,00 
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Conclusion 
In summary, using two different methods for 
extraction, it has been confirmed that both PLE 
and SCE extraction of AI show substantial AA. 
The PLE extraction with water was more 
effective than the SCE extraction because of the 
higher extraction yield. SCE extraction, which 
allows a fractionated separation of volatile 
components and fatty-waxy products, might be 
advantageous method. The combination of a 
first step SCE extraction and a PLE extraction 
step might be still more efficient to decrease the 
AI variety of the extract while preserving its 
antioxidant properties. 
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